SUMMARY Echocardiography was performed in 36 patients with transposition of the great arteries (TGA). Twenty patients were studied before a Mustard operation, 14 patients after operation and two patients both before and after operation. Right ventricular enddiastolic dimension (RVED) was larger than normal in each patient and tended to increase postoperatively. In contrast, the left ventricular end-diastolic dimension (LVED) was The purpose of this study is to correlate echo findings and hemodynamic data obtained by cardiac catheterization and to explore the mechanism of the various echo findings in patients with TGA, particularly in regard to the motion of the IVS and mitral valve.
IN RECENT YEARS, echocardiography has become a valuable noninvasive tool in assessing cardiac anatomy and function and in estimating ventricular size.' Its diagnostic value in patients with transposition of the great arteries (TGA) is well recognized.2`8 Echocardiographic studies have documented the occurrence of systolic anterior motion (SAM) as well as fluttering of the mitral valve in patients with TGA.6 -Other authors have found the interventricular septum (IVS) to be thicker than the left ventricular posterior wall (LVPW) and to have paradoxical motion in some patients with TGA.6' 8, However, studies correlating echocardiographic and hemodynamic data in TGA are limited.6' 10 The purpose of this study is to correlate echo findings and hemodynamic data obtained by cardiac catheterization and to explore the mechanism of the various echo findings in patients with TGA, particularly in regard to the motion of the IVS and mitral valve.
Materials and Methods

Patients
The study group consisted of 36 patients with TGA who had cardiac catheterization and echo studies at Children's Hospital of Pittsburgh between July 1975 and December 1976. An echocardiogram was obtained in each patient either at the time of cardiac catheterization or within 24 hours of the procedure. Twenty patients were studied before and 14 patients after a Mustard operation (MU). Another two patients were studied both pre and postoperatively. Group A consisted of 22 patients who had echo and cardiac catheterization performed in the pre-MU period; group B consisted of 16 patients who had echo and cardiac catheter-291 preoperative patients and increased to 44% postoperatively. The incidence of fluttering of the mitral valve increased from 50% to 94% after the operation. Abnormal septal motion was found in 39% of cases. Abnormal movement of the mitral valve and of the interventricular septum seems to be related to a reversed pressure relationship in the ventricles. Shifting of the ventricular septum toward the left ventricle and consequent distortion of the left ventricular cavity and mitral valve apparatus may be responsible for the abnormal echocardiographic findings.
Serial echocardiographic studies may be useful as a noninvasive tool in the assessment of left ventricular pressure or the status of the pulmonary vascular bed in TGA.
ization performed after MU; group C consisted of 10 patients of the above two groups who had both pre and postoperative echoes, only two of whom have had postoperative catheterization to date. Associated lesions and hemodynamic data are listed in tables 1, 2 and 3. The age of patients in the preoperative group (A) ranged from 2 months to 101/2 years (mean 31 months); in the postoperative group (B) from 21 months to 12½/2 years (mean 66 months). No patient had an arrhythmia or conduction abnormality on the electrocardiogram.
Echocardiographic Technique
All echoes were obtained utilizing a Hoffrel IOIC Ultrasonoscope and Irex 150 Continutrace multi-channel recorder at paper speed of 50 or 100 mm/sec. Most patients were examined with a 3.5 MHz, 13 mm diameter, 5 cm focused transducer. Some older children were studied with a 2.25 MHz, 13 mm diameter, 7.5 cm focused transducer and a 5 MHz, 6.5 mm diameter, unfocused transducer was used for infants.
Each study was performed with the patient in the supine position and the transducer in the third or fourth intercostal space along the left sternal border. A few patients were examined while partially turned to the left lateral position.
The T-scan technique" was used to locate the mitral valve and to visualize the IVS and both right and left ventricular free walls simultaneously at a point where both anterior and posterior mitral valve leaflets were identifiable.12
Measurements
All echo measurements and analysis were performed in a portion of the echo tracing where the anterior and posterior leaflets of the mitral valve were simultaneously visualized ( fig. 1 ). End-diastolic dimension of the right and left ventricles and thickness of the IVS and LVPW were measured at the onset of the electrocardiographic QRS complex. Care was taken to avoid error in measurement of the IVS by identifying the tricuspid valve in order to differentiate it from actual right septal surface echoes.'3 Septal motion was analyzed during systole as described by Diamond et al. '4 In VOL 57, No 2, FEBRUARY 1978 g t-t--.... --t-li-P I-lls -tlt t --_--r-T-r rTXIT IIIXI On review of the pre and postoperative echoes of 10 patients (group C), the preoperative RVED was larger than normal in each patient and further increase of the RVED was noted after MU in all but patient 2 ( fig. 2) patients; inspiration tended to increase and expiration to decrease LVED and mitral valve amplitude ( fig. 7 ).
The incidence of SAM of the mitral valve increased from 18% to 44% after MU. In over half of the cases (seven of 1) with SAM of the mitral valve, the finding was intermittent.
In post-MU patients with SAM of the mitral valve some The status of the pulmonary vascular bed has been previously assessed in adults'9 and in the pediatric age group20 by echo determinations of systolic time intervals. Our study suggests that the serial echocardiographic estimation of the left ventricular pressure by measurement of LVED/RVED ratio may be another useful noninvasive means of following the status of the pulmonary vascular bed in patients with TGA.
Motion of the IVS on echo can be extremely variable as a result of the selection of the reference point and/or angulation of the transducer as indicated by Hagan et al`'6 Accurate determination of IVS motion by echo in patients with TGA is difficult because actual ventricular septal motion varies with the portion of the septum visualized; the septum near the pulmonary anulus moves anteriorly in systole but the portion near the apex moves posteriorly as it does in normal subjects (fig. 4 ). In addition, accurate measurements of IVS thickness were frequently hampered by unusual positioning of the IVS and overlapping of the atrioventricular valve tissue onto the septum by echo. An abnormal IVS/LVPW ratio has been reported in patients with TGA6', 21 and has also been found in various congenital heart defects other than asymmetric septal hypertrophy (ASH) or idiopathic hypertrophic subaortic stenosis (IHSS).2' The high ratio in some of these patients may be attributed to an oblique orientation of the echo beam to the IVS.
Echocardiographic SAM of the mitral valve has been a useful diagnostic sign in IHSS and has also been described in patients with TGA with or without left ventricular obstruction. 5' 6, 8, 9 In patients with IHSS, SAM of the mitral valve can be seen without the presence of a left ventricular outflow gradient. 22 The mechanism of this phenomenon has not been completely explained. Nanda et al.6 suggested a correlation between SAM of the mitral valve and left ventricular outflow obstruction in patients with TGA. However, in our series, SAM of the mitral valve was more frequently found in patients with low left ventricular pressure and without significant left ventricular outflow obstruction. In such patients the IVS was seen to bulge into the left ventricle during systole on cineangiocardiography. This suggested that the smaller left ventricular dimension permitted closer apposition of the mitral valve to the ventricular septum. The resultant high velocity of flow in the left ventricular outflow area may have caused further anterior displacement of the mitral valve in systole by the Bernoulli effect, mimicking ASH or IHSS ( fig. 9) 
